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^^^^^^^^ 

methods of making them. 

BACKGROUND 

that c an provide a fu» range of eolors are ^ _ . , ^ 

pixel, with three pr.mary colors (red. gr 

SUMMARY OF INVENTION 

emitting color display panels using vacuum an P ^ . f , 

!5 Mu e dopant i, deposited with a red or gr P ^ a M , 

^^T r r^: :::.desa m e t hodo fm a.ng 0 rga,e.. gh t 

One aspect of the prese ^ ^ 

emitting pixels having red, green, and hlue p ^^.^ 

::::::r 



i 



*"*' 

transporting layer, or 

• , shadow mask during the 

including dry film pW?»res.sl. The rem 

, n another aspeetof the ^ „ abollt 7 C,, tyP-ny 

• , crfices and the blue dopam <x connects 
toted in a plane that bsectsm 

th e r ed and green dopant sottree, ^ rf ^ red and green 

dopantsaretsolatedfronteaehotherandt^ omrdthepheisurface 

15 Jandgreendcpantsoureesandextendsom fcomctmgforparaUaxm 

Lotheraspectofthe-nventtonprov s nsmg using ,,ne-o f -s,ght 
,he m a.n g o f anor g an,cU g h^ 

sm a,,er than the ptteh of the P-xels ^ a „ organfc hght 

emUlmgfuHcotor d,sp.ay P ane,where 

non-blue snh- P .xeL „ ro vdes an organie hgh, emttung eolor dtsp ay 

pane,eon,pr,ng-^ 

photoresist. 



i removable mask tor 

Ycl anolhcr aspect or*c — p- cvaporaUon , lhc 

-, ara Ua*-or-p— mean ^" ^ ^ ^ lh e ^ 

part KU.arcolorma m ul<,-cotord,splay. 

Anotll er advantage of a. l«s m contrast, tow 

p.ov.desafuU-co^d^aypaneUav, ^ J 

lan.actunn.^ande^entv,- 

Another advantage ot a, teas. « ^ ^ m>y a , s0 *ws 

, nvable shadow mask may be reused. Usmg noto resist) on 

30 subsequent Pressing steps. 



, lllcasl one embodiment of the present invention is th.t « 
Another advantage ol al least on hnWc l having a more desirable 

pro ,de S an 1 oreeme,e„tandreHa H e W t„en„«, n8 s Ub p-,ha 

blUC C0 '° r r at lcasl one embodiment of the present invention is that it 

OLED include that the operating voltages ^ J ^ ° ^ reliability, excellent 
, eo.ua.. the OLED has good quantum ^'^^ 

resolution between subptxels, and good ftom the 

Other features and advantages of the tnvent 

follow i„ g draw,ngs. detailed description, andclainrs. 

gre en dopants are deposited. ^ ^ ^ emlttmg 

Fig. 2 depicts a deposition system 
color display panel. 

9n Fig. 3 depicts parallax. 

H^depictsamaskthatcorrectsfovparallax. 



DETAILED DESCRIPTION 



display panels. OLED can be made pursuant to this 

-•''"^"^^uirOEEDstraetnre. except forthe red and green 
,„ v ent,on by arrangmg ~~*»* 18) ,„ a line near the 

dopant sources 14 and 16 (but tne.udtng.he b u P ^ ^ 

c^of.-^^^J^JL htgcneraUheOEEO 



. u imwutin" layers on a transparent 
■ n -m Ol ED is constructed by depositing lay 
sources. Typically an OLtu as dcposlting a 

con*^ *~ « — — 5 a ' " ,r,a,s. These M 

, pol>mCT subs.ra.e) incudes pa.temed for a passlve . malr » 

di spla y , or indtvtdual subp,*! areas ^ ^ ^ m 

con.ae. with) a shadow mask, ean then ^ are 

,0 para H eUoandd, re e,Wover, h e„„eo f so„re ^ J bams(lomM 

portion of .he depo.rt.on pa.h of each ^ Wue 

ea m sdono.eorne,n.oeon,c,w,.h.hehea m o.^ y ^ ^ 

d0 pan. U n.inhe y are m .hep roX , ml . y of. h ep : x ^ ^ ^ color ls 

20 con cen,,ed , .he des.red subpt* Th - _ 

dopants proves good resolut.on of .he sub p ^ () ^ 

The figure dep.e.s an OLED struct. ^ ^ ^ ^ ^ they cQVCr 

sequentially deposited a. an angle near norma ^ „pri» a 

near.ya.lof.he^ahe^.henh.^ uffwi ^ wc ^ 
„ , r ansparen. eonduc.or. such as tndtun. n ox*. be 

e .,. poly p y r rol e. P o, y( e.hy.ened,o X ,h,oph ^ ^ injection ..yer 

deposited between anode 42 and hole ,„,ec,,on la y er 4. 



, ., c(C uPc) may also be deposited between anode 42 and 
hole mjcclion layer 48. The OLt N . N . N -. N --lctrak,s(4- 

bis( 7 2 --diphenylvinyl)biphenyl (DVPBi). up , ^ Ba , or Mg- 

Ag ,„ bl ch,ssu b seo,u -W----;-:: ort hedopant, R ed and green 

host layer. ,n other constructs . o*er la ^ ^ 

, 5 uprise, for exanrple, V*****?*™^. , D . p o'Brten, M. A. 
1999, Volume 74, Issue 3 pp. 44Z * 

transporting materials. ,„ mnrise s simultaneously depositing red. 

Oneaspeetofthepresenttnvenuoneonp- ^ 

d , rec ,iona.l y as tndieated „ Ftgure 2 so ^ 
ov eras,n g lesu b p«e,andt h el„uedopantma y h * 

25 dop a„ts donnnated the color of ^ ^ ^ ^ ^ 

a „o W ,„ g , h e b l U cdopan,.o b e ^^^^OU*. 
sub pix=ls wtthou. tn.erfermg the <P» plalmum 
Red dopants suttab.e for use in the present tnvenfo 

. ■ ( P t OEP)or4-(dicyanomethylene)-2-t-bu.vl-6-(l.l.../ 
octaethylporphvrm(PtOEl'),or 



•• • 

- -r"^^-'-^- 

(G7,8-ij>q"'no 1,z,n - n " on 1 

lns(2 .pheny>pynd,ne„ndn, m (Mppy)* ^ ^ ^ of aboul , 

molar percent. Opt.onaHy, a second e deposlted ov er a doped electron 

, ro(8 -„ydroxy-quinohnato) ah.rn.num (Alq3), may 

lr anspon .ayer ,o tmproye electron mvolves de p„s,t,ng 

As p re v,ous.y mentioned, an aspect of t e prese ^ ^ 

masRmayne.n^edm.od.d.sp.aypan.sc * dy , the shadow 

p " rtro ' iof T p,x : r z;; .^..j-h.^-^'t: 

and blue sub-pixe.s. (Th,s g rf abol „ 2(r to about 

W from normal to the substrate such that, due ^ ^ 

pixe. for the green dopant source. Because PP simultaneously 

Thedesired.engtbofthe^^ 
ribs is comparable lo the width of the ptxel. 



aucbcd to *c d.s P U.y dcv.ees or may c pr ,„,o„tno B raphy. 

s «, ,g.. U.S. Pat. No, ,.294,869, th>1 ^ be ap ,„,ed with , 
photores.s, may be a dry film photores.st, wh,ch 

^—mas^^ 

, making . renrovaWe *•* crys.ai, o m-c ^ ^ ^ made 

that forms the no, A removabte machming; , a ser 
mclu d,n g convention, mach.nmg; m ,cro m a hvmng 

or spark— nrachtmng, ,s that fom an 

mas , ED Mwor k sbyero d ,.ma,n « ^ 

arc ^ an e.ectrode t o„, (,n th.s c « . ^ r ^ arse „ ide) 

Wafers of crysta.hne matenats .e.g.. ^ for angle 
m ^^ MtM ^Z t toO-^m.andpohsned 

on bo,b sides, are w.de.y avadabte. The q photol , thog raphy 

2 , and aching. The pattern maybe etch Madou . f 

ofMicrofabricationX^ Press ' 

Pat. No. 5,501,893). OLED materials 

.n^disptay^^^ 0 " 8 "^,,,^^. Thered 



(l2is arm«cd,s. an ccrro ralh cs U bs l r al c..hc 
****** of.bc shadows cas, bye ^ mask bavc *c 

Mm ep, X c,p 1 «cb66, 1 .=.. d .s l a„ccf ro ^ - ^ para „ ax OTOr can cause an g ,e d 
, c ., dlst a n ce from ceu.er ,0 cemer of P a o P ^ ^ a s „ lg , e dlsplay 

dep0 s, t ,on sources fonn d ,v,a U a 1P ,xc, « m whkh lhey are t o be deposue. 

P l ,c be m ,saU 8 „ed - -*P- **£ „ correct s paraHa* 



formula: 

p. = p\l+h/d) 



wh erep' is rbe pHcb of «be erodes, 
nisthep.tchofthenbsof.hashadowmask. 

^,:-=r:===" =:: -"' 

the display. Qf the foUowmg examples. 

The invention may be illustrated t>y 

EXAMPLES 

,„ thls CM mp.e, a pass,ve-,™ t r,x OLED d, ^ ^ ^ QLED 

evaporal ,o„ofO LED »^^ 



, ,., mC l ThepixelswcrearrangedmaO."'- 
warm (MK' I- concentrated lit 1. P ^ pjxc , 

0()7 ,, 1 , ) 0 5mm)g r 1 d,r hr eer 1 '„co, Um ns wosBOminally ,,„„- 

(28 0 urn) wide, with a gap ol 0.005:, ► mask was Tabricated from a steel pla.e 
A removable and reusable - shadow - ' EDM). Slots 

mra) center-to-center (I.e.. pdeb), ^.ng r, b ^ ^ ^ 

.whhapitcbofO.O^.™'-^ 

. . . the metal mask (U.U'io 

difference in p.tcn De,w-n - in an evaporate, 

The substrate with etched 1TO hues p ^ 

polym er buffer 

, B a y er ( P,.tsb U r g b,PA)anddned„naho,^ J Q „ were a h g ned wrth 

*» WS '" ,hemaSk ' Th 71 w , 1 , c hwasevaeua,ed,oapproximate, yl O-».orr 
the vacuum evaporator system, (NpD) with an 

(1 ^ Pa). A hole transportmg layer (HTL) ^ 
M I^matethtc-sonou,, = ^ ^ ^ately , nm of the 

ETL nearest the HTL was doped, P ^ ^ ^ ^ ^ HTL, 

The dopants used were pery.ene (blue), - ^ ^ ^ ^ chamber , 
ETL, and blue dopant sources were arTan e ^ ^ ^ ^ ^ 

25 in a „„e d.rectly beneath and parai.e t ^ ftom 

Rlbs of the mask east a shadow such tha, the ^ ^ ^ 



r^rrrsir. 

by200nmOfA '" .. flhecatl ,ode the substrate was removed from the deposition 
After deposition of the cathode, The display was essentially 

sequentially applying a voltage ^ M 

emission desired for eaeh row of the display as,, was addressed. 

20 Lndedtoheltmitedonlyhylheelaimssetforthheretnasfollows. 
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